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Sponges present a wide variety of metabolites, and are considered one of the hotspots in
research on the chemistry of natural products. Sterols from sponges have received
attention because they present patterns of branches that distinguish them from all other
living organisms. Freshwater sponges, native to rivers and lakes, have been studied
chemically throughout the world, but there have been no studies on sponges from the
Amazon region. The present work describes the sterols present in freshwater sponges
collected in Anavilhanas, the world’s second largest river archipelago, in the Negro river
(Amazonas-Brazil), focussing on species whose family has not been studied previously in
regard to their chemistry of natural products. Using a set of derivatization reactions for
identiﬁcation by chromatographic and spectrometric techniques, it was observed that the
steroid extracts of sponges of the species Metania reticulata, Drulia browni and Drulia
uruguayensis (Metaniidae) present 24-ethyl-cholest-5,22-dien-3b-ol as the principal sterol.
Cholesterol, the main sterol in Spongillidae and Lubomirskiidae, was already detected but
as a minor component along with three other sterols.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Sponges are aquatic animals that occur in marine and continental environments. The lipids found in sponges differ
signiﬁcantly from those found in other living organisms, hence their great scientiﬁc interest. The chemistry of natural
products of these organisms is extremely abundant in new constituents, and around 285 new substances were described in
2009 and 2010. In these two years alone, twenty-four new sterols were described in sponges (Blunt et al., 2011, 2012).
The number of sterols present in sponges varies greatly according to the species, but is generally limited to between seven
and ten. In many cases, there is just one sterol, which occurs as the principal sterol, with the others appearing only in trace
amounts (Bergquist et al., 1986). These characteristics favour a chemosystematic approach, in which the principal sterols
could be used as markers for the species.
Sponges acquire their sterols in four different ways: through direct biosynthesis; by ingestion; by modiﬁcation of ingested
sterols, or by biosynthesis associated with some symbiotic organism (Goad, 1983; Djerassi and Silva, 1991).
Studies with sterols are generally carried out using chromatographic techniques, whether with isolation for identiﬁcation,
or by the use of gas chromatography coupled to mass spectrometry (GC–MS) (Makarieva et al., 1991, Kolesnikova et al., 1992,
Santalova et al., 2004, Santalova et al., 2007, Aknin et al., 2010). This technique enables the use of various tools, such as the useiga-Junior).
. All rights reserved.
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easily observable patterns.
The ﬁrst reports of the existence of sponges in the Amazon date back to second half of the 19th Century, by European
naturalists (Volkmer-Ribeiro, 1999). Modern taxonomy and population studies ﬁrst began with the work of Volkmer-Ribeiro
and Rosa Barbosa (1972) with sponges collected in the Juruá river. Subsequently, various other works were published,
showing the variety and relative ease of access to these organisms during the dry season (Volkmer Ribeiro and Becker Maciel,
1983; Volkmer-Ribeiro, 2000; Batista et al., 2002; Fusari et al., 2009; Volkmer-Ribeiro et al., 2009).
Despite being known for more than a century, and being abundant in the various clear water, white water, or even black
water rivers of Amazon region, freshwater sponges of this region have never been studied chemically.
This work seeks to identify the sterols present in freshwater sponges of the Amazon region, collected from the second
largest river archipelago in the world, in the Negro river, using gas chromatography and mass spectrometry, as a contribution
to their classiﬁcation within the enormous diversity seen in the phylum Porifera.
2. Materials and methods
2.1. Animal material
The sponges were collected in the National Park of Anavilhanas, the headquarters of which is in the municipality of Novo
Airão, Amazonas. They were collected dry due to the water cycle. The coordinates of the collection point were determined
using a GPS device, and after identiﬁcation by microscopic techniques (Volkmer-Ribeiro, 1985), voucher specimens were
deposited at theMuseum of National Sciences of the Fundação Zoobotânica do Rio Grande do Sul (Zoobotanical Foundation of
Rio Grande do Sul). The collections were authorized by the ofﬁcial body of the Brazilian government (SISBIO No. 21114-1).
Material ofMetania reticulata (Bowerbank,1863) was collected onMarch 1, 2010 at coordinates 232.9390 S and 6058.2150
W, deposited under number MCN-POR 8486.
Material of Drulia browni (Bowerbank, 1863) was collected on March 8, 2010, coordinates 231,9030 S 6046,4920 W,
deposited under number MCN-POR 6474.
Material of Drulia uruguayensis (Bonetto and Ezcurra de Drago, 1968), was collected on November 5, 2010, coordinates 2
07.2520 S and 61 11.2970 W, deposited under number MCN-POR 8687.
2.2. Extraction
For the production of low polarity extracts, the sponges were collected dry, out of the water. Preliminary chromatographic
studies showed that the chemical composition of these sponges is unaltered when they are collected fresh, from below the
waterline, and immediately extracted; or dry, in the dry season.
The sponges were cleaned to remove small leaves and branches adhering to them, as well as sand, and any insects. They
were ground, then extracted with hexane in a Soxhlet device for 12 h.
2.3. Obtaining the steroid fractions
The extracts were chromatographed in silica impregnatedwith KOH, at a proportion of 1 g of sample to 40 g of silica, using
dichloromethane as mobile phase to obtain the non-acid fraction, and methanol for the acid fraction.
The non-acid fractionwas chromatographed in an open silica gel columnwith a ratio of 1:50 of sample mass to silica mass,
using hexane as mobile phase with an increasing gradient of ethyl acetate (5, 10, 20 and 100%), and the fractions obtained
were analysed by thin layer chromatography using solution 0.02 g of CuSO4 in H2SO4 2 N as detection reagent and grouped by
similarity.
The fraction obtained with rf close to that presented by the cholesterol standard was chromatographed in a ﬂash column,
with a diameter of 2 cm and height of 15 cm, using chloroform and ethyl ether asmobile phase at a proportion of 1:1 (v/v). The
fractions obtained were analysed by thin layer chromatography again, and grouped by similarity.
2.4. Acetylation of the sterols
The steroid fraction was solubilized in pyridine to obtain a concentration of 10 mg/mL. Next, an equal volume of acetic
anhydridewas added, together with DMAP in catalytic amount. After 1 h, the reaction ﬂask was transferred to an ice bath, and
5 drops of H2SO4 2 N were added. The solution was then submitted to water-chloroform partition, the organic phase, con-
taining the acetylated sterols, was washed with dry HCl 1 N with NaSO4 anhydride, then the solvent was evaporated.
2.5. Gas chromatography
The extracts and steroid fractions were analysed in gas chromatography with ﬂame ionization detector in a Shimadzu GC
model 2010 device, and gas chromatography coupled with a Shimadzu model QP 2010 mass spectrometer. The column used
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290 C, with a 10 min isotherm.
The acetylated sterols were analysed in the same chromatograph and with the same column, using a 50 min isotherm at
280 C with co-elution of the acetylated cholesterol standard.3. Results and discussion
Anavilhanas is the second largest river archipelago in the world, the result of an alteration in the course of the Negro river,
the largest black water river in the world, as the result of a neotectonic process. The complex system is a National Park
(created in 2008) comprising hundreds of islands, lakes, canals, wetlands and partially submerged sandbanks, occupies an
area of 350,018 ha, approximately 70 km upriver the conﬂuence of the Solimões river, where the Amazon river is formed
(Almeida-Filho andMiranda, 2007). This region, as many other ﬂood plains of the Amazon, has large communities of sponges,
which has adapted to the cycle of ﬂood and dry season, characteristic of the region (Volkmer Ribeiro, 1981). However, only a
single work describes the sponge fauna of black water environments of the Amazonian biome. This study was carried out by
the Tupé Sustainable Reserve, where a high abundance of sponges of the Metaniidea family was observed (Volkmer-Ribeiro
and Almeida, 2005).
In initial expeditions to the Anavilhanas archipelago was possible to observe a large quantity of sponges in certain areas,
belonging to a same species, forming what could be called “cauxizal”, based on the vulgar name of the sponges used by the
local inhabitants: “cauxi”. Adhered to the trees and bushes of the region of ﬂooded forest, the species M. reticulata is found
almost exclusively. In lower points, only accessible in the dry season, it was possible to see vast “carpets” of sponges adhering
to small rocks or grasses, with a high prevalence of the species D. uruguayensis. With lesser frequency, it was also possible to
identify sponges with globular appearance, adhered to branches of the groves of trees subject to ﬂooding. These were
identiﬁed as D. browni.
Sterols are the most common chemotaxonomic markers in sponges, with their acetylated derivatives being commonly
analysed by their mass spectra and relative retention times (to cholesterol) and compared with literature data to marine
(Santalova et al., 2004, Santalova et al., 2007, Aknin et al., 2010) and freshwater sponges (Manconi et al., 1988, Makarieva et al.,
1991, Kolesnikova et al., 1992). Aiming the chemotaxonomic correlation of the species from Anavilhanas with literature, an
acetylated cholesterol standard was used in order to identity the steroidal constituents by GC-FID and GC–MS data, allowing
the identiﬁcation of the main constituents in the steroid fractions of the hexane extracts (Fig. 1), and quantify them (Table 1).
Cholesterol (I) is the sterol commonly found as the principal sterol in cell membranes in the animal kingdom, particularly
vertebrates, although various marine invertebrates present sterols with modiﬁed skeletons or with alkyl groups in the side
chain as principal sterols. In freshwater sponges of Spongilla lacustris and Ephydatia ﬂuviatilis species, of the Spongillidae
family, and Lubomirskia baicalensis, belonging to the Lubomirskiidae family, cholesterol is the principal sterol and corresponds
to 74%, 66% and 56% of the steroid fraction, respectively (Manconi et al., 1988, Kolesnikova et al., 1992, Hu et al., 2009).
The results obtained in the present study differ signiﬁcantly from the reports for other species of freshwater sponges, since
cholesterol (I) was not the principal constituent in any of the species studied.Fig. 1. Structures from identiﬁed sterols: cholest-5-en-3b-ol (I); 24-methyl-cholest-5,22-dien-3b-ol (II), 24-methyl-cholest-5-en-3b-ol (III); 24-ethyl-cholest-
5,22-dien-3b-ol (IV); 24-ethyl- cholest-5-en-3b-ol (V).
Table 1









I C27D5 368, 353, 260, 255,247, 213 1.00 8.2 11.9 5.5
II C28D5,22 380, 365, 282, 267, 255, 213 1.09 5.7 8.1 5. 9
III C28D5 382, 367, 261, 255, 213 1.24 9.9 13.6 6.8
IV C29D5,22 394, 282, 267, 255, 213, 69 1.31 23.6 32.0 23.7
V C29D5 396, 381, 275, 255, 213 1.49 8.4 6.4 4.0
Not identiﬁed 2.8 1.6 1.8
Totalc 58.6 73.8 47.7
a Santalova et al., 2004, Kolesnikova et al., 1992.
b Relative retention time.
c Sum of the concentration of all the sterols detected in the extract in hexane.
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ethyl-cholest-5,22-dien-3b-ol (IV). A similar result was found for the species Drulia brownii, in which cholesterol (I) repre-
sents 11.9% while 24-ethyl-cholest-5,22-dien-3b-ol (IV) represents 32.0%. For the species D. uruguayensis this difference was
even greater, only 5.5% of the extract corresponded to cholesterol (I) while 24-ethyl-cholest-5,22-dien-3b-ol (IV) represented
23.7% of the same extract.
The sterol 24-ethyl-cholest-5,22-dien-3b-ol (IV), the principal component in all the species of the study, has previously
been reported for L. baicalensis, in which it represents only 3.6% of the steroid mixture (Kolesnikova et al., 1992); demon-
strating that this substance is a valuable candidate for use as chemotaxonomic marker for the Metaniidae family, while
cholesterol can be used as a marker for the Spongillidae and Lubomirskiidae families. There have been no chemical studies
reported in the literature for the families Malawispongidae, Metschnikowiidae and Potamolepidae.
The prevalence of uncommon sterols, in some cases, can be associated with the presence of membranolytic agents,
functioning as a defence of the organisms against its own metabolites (Zimmerman et al., 1989, Makarieva et al., 1998,
Santalova et al., 2004, Aknin et al., 2010). This interaction between the metabolites of different routes of the samemechanism
is called “biochemical coordination”.
The other three sterols found 24-methyl-cholest-5,22-dien-3b-ol (II), 24-methyl-cholest-5-en-3b-ol (III) and 24-ethyl-
cholest-5-en-3b-ol (V) – are also reported as minority compounds in the species L. baicalensis (Kolesnikova et al., 1992), S.
lacustris and E. ﬂuviatilis (Manconi et al., 1988).
The sterols D5 e D5,22 generally occur in associated form, just as the prevalence of a sterol C29 with the presence of sterols
C28 and C27 of the same skeleton at a signiﬁcant concentration indicates speciﬁc biotransformations already reported for
sponges (Bergquist et al., 1980).
The capacity of sponges to biosynthesize common and unusual sterols has been reported by various authors (Kerr et al.,
1989; 1991, Silva et al., 1991). The metabolic arsenal of sponges, both marine and freshwater, is also capable of converting 24-
alkyl sterols substituted in cholesterol, and surprisingly, the reverse process also occurs within the same species (Malik et al.,
1988, Kerr et al., 1990, Kerr et al., 1992), enabling these animals to transform incorporated sterols according to their needs.
The range of results does not demonstrate a relationship between the species and the steroids present in them, but the
presence of the same set of ﬁve principal sterols in the three species studied may represent a characteristic for the family
Metaniidea. This being the ﬁrst work with freshwater sponges of this family, there is an evident need for further studies to
establish a chemotaxonomic relationship.
References
Aknin, M., Gros, E., Vacelet, J., Kashman, Y., Gauvin-Bialecki, A., 2010. Sterols from the Madagascar sponge Fascaplysinopsis sp. Mar. Drugs 8, 2961–2975.
Almeida-Filho, R., Miranda, F.P., 2007. Mega capture of the Rio Negro and formation of the Anavilhanas Archipelago, Central Amazônia, Brazil: Evidences in
an SRTM digital elevation model. Remote Sens. Environ. 110, 387–392.
Batista, T.C.A., Volkmer-Ribeiro, C., Darwich, A., Alves, L.F., 2002. Freshwater sponges as indicators of ﬂoodplain lake environments and of river rocky
bottoms in Central Amazonia. Amazoniana 17, 525–549.
Bergquist, P.R., Hofheinz, W., Oesterhelt, G., 1980. Sterol composition and the classiﬁcation of the Demospongiae. Biochem. Syst. Ecol. 8, 428–435.
Bergquist, P.R., Lavis, A., Cambie, R.C., 1986. Sterol composition and classiﬁcation of the porifera. Biochem. Syst. Ecol. 14, 105–112.
Blunt, J.W., Copp, B.R., Munro, M.H.G., Northcote, P.T., Prinsep, M.R., 2011. Marine natural products. Nat. Prod. Rep. 28, 196–268.
Blunt, J.W., Copp, B.R., Keyzers, R.A., Munro, M.H.G., Prinsep, M.R., 2012. Marine natural products. Nat. Prod. Rep. 29, 144–222.
Djerassi, C., Silva, C.J., 1991. Sponge sterols: origin and biosynthesis. Acc. Chem. Res. 24, 371–378.
Fusari, L.M., Roque, F.O., Hamada, N., 2009. Oukuriella pesae, new species of sponge-dwelling chironomid (Insecta: Diptera) from Amazonia, Brazil. Zootaxa
2146, 61–68.
Goad, L.J., 1983. Steroid biochemistry of marine invertebrates. Mar. Chem. 12, 225.
Hu, J.M., Zhao, Y.X., Chen, J.J., Miao, Z.H., Zhou, J., 2009. A new spongilipid from the freshwater sponge Spongilla lacustris. B. Korean Chem. Soc 30, 1170–
1172.
Kerr, R.G., Stoilov, I.L., Thompson, J.E., Djerassi, C., 1989. Biosynthetic studies of marine lipids 16. De novo sterol biosynthesis in sponges. Incorporation and
transformation of cycloartenol and lanosterol into unconventional sterols of marine and freshwater sponges. Tetrahedron 45, 1893–1904.
Kerr, R.G., Baker, B.J., Kerr, S.L., Djerassi, C., 1990. Biosynthetic studies of marine lipids-XXIX. Demonstration of sterol side chain dealkylation using cell-free
extracts of marine sponges. Tetrahedron Lett. 31, 5425–5428.
Kerr, R.G., Kerr, S.L., Djerassi, C., 1991. Biosynthetic studies of marine lipids. 26. Elucidation of the biosynthesis of mutasterol, a sponge sterol with a
quaternary carbon in its side chain. J. Org. Chem. 56, 63–66.
I.B. de Barros et al. / Biochemical Systematics and Ecology 49 (2013) 167–171 171Kerr, R.G., Kerr, S.L., Malik, S., Djerassi, C., 1992. Biosynthetic studies of marine lipids. 38.1 mechanism and scope of sterol side chain dealkylation in sponges:
evidence for concurrent alkylation and dealkylation. J. Am. Chem. Soc. 114, 299–303.
Kolesnikova, I.A., Makarieva, T.N., Stonik, V.A., 1992. Natural products from the Lake Baikal organisms - II. Sterols from the sponge Lubomirskia baicalensis.
Comp. Biochem. Physiol. B 103, 501–503.
Makarieva, T.N., Bondarenko, I.A., Dmitrenok, A.S., Boguslavsky, V.M., Stonik, V.A., Chernih, V.I., Efremova, S.M., 1991. Natural products from lake Baikal
organisms, I. Baikalosterol, a novel steroid with an unusual side chain, and other metabolites from the sponge Baicalospongia bacilifera. J. Nat. Prod. 54,
953–958.
Makarieva, T.N., Stonik, V.A., Ponomarenko, L.P., Ammin, D.L., 1998. Unusual marine sterols may protect cellular membranes against action of some marine
toxins. In: Le Gal, Y., Halvorson, H.O. (Eds.), New Developments in Marine Biotechnology. Plenum Press, Italy, pp. 37–40.
Malik, S., Kerr, R.G., Djerassi, C., 1988. Biosynthesis of marine lipids. 19. Dealkylation of the sterol side chain in sponges. J. Am. Chem. Soc. 110, 6895–6897.
Manconi, R., Piccialli, V., Pronzato, R., Sica, D., 1988. Steroids in Porifera, sterols from freshwater sponges Ephydatia ﬂuviatilis (L.) and Spongilla lacustris (L.).
Comp. Biochem. Physiol. B 91, 237–245.
Santalova, E.A., Makarieva, T.N., Gorshkova, I.A., Dmitrenok, A.S., Krasokhin, V.B., Stonik, V.A., 2004. Sterols from six marine sponges. Biochem. Syst. Ecol. 32,
153–167.
Santalova, E.A., Makarieva, T.N., Ponomarenko, L.P., Denisenko, V.A., Krasokhin, V.B., Mollo, E., Cimino, G., Stonik, V.A., 2007. Sterols and related metabolites
from ﬁve species of sponges. Biochem. Syst. Ecol. 35, 439–446.
Silva, C.J., Wunsche, L., Djerassi, C., 1991. Biosynthetic studies of marine lipids 35. The demonstration of de novo sterol biosynthesis in sponges using
radiolabeled isoprenoid precursors. Comp. Biochem. Phys. B 99, 763–773.
Volkmer-Ribeiro, C., Rosa Barbosa, R., 1972. On Acalle recurvata (Bowerbank, 1863) and an associated fauna of other freshwater sponges. Braz. J. Biol. 22,
303–317.
Volkmer-Ribeiro, C., 1981. Porifera. In: Hurlbert, S.H., Rodrigues, G., Santos, D. (Eds.), Aquatic Biota of Tropical South America, Part 2: Anarthropod. San diego
State University San Diego, California, pp. 86–94.
Volkmer-Ribeiro, C., Becker Maciel, S., 1983. New freshwater sponges from Amazonian waters. Amazoniana 8, 255–264.
Volkmer-Ribeiro, C., 1985. Esponjas de água doce. Sociedade Brasileira de Zoológia, São Paulo.
Volkmer-Ribeiro, C., 1999. Esponjas. In: Ismael, D., Valenti, W.C., Matsumura-Tundisi, T.., Rocha, O. (Eds.), Biodiversidade do Estado de São Paulo – Sintese do
conhecimento ao ﬁnal do século XX. FAPESP, São Paulo, pp. 1–9.
Volkmer-Ribeiro, C., 2000. Esponjas de agua dulce (Porifera, Demospongiae) de Venezuela. Acta Biol. Venez. 20, 1–28.
Volkmer-Ribeiro, C., Almeida, F.B., 2005. As esponjas do Lago Tupé. In: Santos-Silva, E.N., Aprile, F.M., Scudeller, V.V., Melo, S. (Eds.), Biotupé: Meio Físico,
Diversidade Biológica e Sociocultural do Baixo Rio Megro, Amazônia Central. Editora INPA, Manaus-AM, pp. 123–134.
Volkmer-Ribeiro, C., Tavares, M.C.M., de Oliveira, K.F., 2009. Acanthotylotra alvarengai (Porifera, Demospongiae) new genus and species of sponge from
Tocantins river, Pará State, Brazil. Iheringia. Sér. Zool. 99, 345–348.
Zimmerman, M.P., Thomas, F.C., Thompson, J.E., Djerassi, C., Streiner, H., Evans, E., Murphy, P.T., 1989. The distribution of lipids and sterols in cell types from
the marine sponge Pseudaxinyssa sp. Lipids 24, 210–216.
